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An  experimental  investigation  of  the  vertical  water-entry 
deceleration  of  two  ogive  shapes  and  two  cusp  shapes  is 
described.  For  each  of  these  four  shapes,  the  total  drag 
coefficient  and  added  mass  are  determined  as  functions  of 
penetration  distance.  These  results,  combined  with  previous 
work,  provide  a display  of  possible  values  for  maximum  water- 
entry  drag  coefficient  as  a function  of  forebody  fineness  ratio. 
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INTRODUCTION 

In  the  study  of  water-entry  forces,  the  simplest  experimental 
case  to  handle  is  the  vertical  entry  of  c ones  since  the  law  of 
similitude  allows  prediction  of  the  nature  of  several  important 
parameters.  An  extensive  experimental  study  of  cone  water  entry  has 
been  completed  at  the  Naval  Surface  Weapons  Center  and  is  reported 
in  Reference  (1) . From  an  experimental  and  geometric  viewpoint,  the 
next  simplest  case  is  probably  the  vertical  entry  of  ogives.  An  ogive 
is  a body  of  revolution,  the  nose  profile  of  which  is  formed  by  the 
single  arc  of  a circle.  One  limit  of  this  geometric  family  is  the 
hemisphere,  while  the  cone  nay  be  considered  as  a 'straight  ogive,' 
separating  the  normal  ogive  (bulging)  from  the  inverted  ogive  called 
a cusp  (hollow) . This  simple  geometric  family  has  received  very  little 
attention  from  experimenters  in  water  entry  with  the  exception  of  the 
ogives  tested  by  Hajer  (Ref.  <2)),  and  the  hemisphere  which  has  received 
considerable  experimental  and  mathematical  consideration  by  sex’eral 
investigators . 

As  the  tests  of  the  vertical  entry  of  cones  were  being  conducted 
at  the  Naval  Surface  Weapons  Center,  and  the  data  were  being  reduced, 
speculation  developed  as  to  the  effects  of  profile  curvature  upon 
the  water-entry  characteristics  of  various  shapes.  A short  series  of 
test«  v»s  conducted  as  a preliminary  investigation  to  answer  some  of 
these  speculations  and  to  extend  sese  of  the  results  obtained  for  cents 
to  other  simple  shapes  (ogives) . 

TEST  PROCEDURE 

The  test  procedure  was  in  principle  identical  to  that  reported 
in  Reference  (1)  tor  cones,  and  the  data  contained  in  Reference  (1) 
are  extensively  used  in  this  report.  The  experiments  were  conducted  in 
the  Pilot  Hydrobailistics  Facility  at  Naval  Surface  Weapons  Center, 
Figure  1.  The  model , containing  s single  axially  mounted  crystal 
accelerometer,  was  launched  from  an  air  gun  (velocity,  30  feet  per 
secoid  and  higher)  or  dropped  through  a tube,  such  that  normal 
impact  with  the  surface  of  the  water  resulted.  A cable  (trailina 
wire)  connected  the  accelerometer  within  the  model  to  stationary 
electronics.  The  output  of  the  gage  after  amplification  was 
photographically  recorded  using  a CRT  oscilloscope.  As  the  model 
neared  the  water  surface,  a trigger  screen  was  interrupted,  causing 
a microsecond  strobe  lamp  to  produce  three  flashes  equally  spaced 
in  time,  thus  exposing  the  film  in  an  open  plate  camera.  Located 
i>~.-»ide  the  camera  was  a photo- pickup  that  converted  the  light 
from  the  strobe  into  voltage  that  was  mixed  with  the  accelerometer 
output  to  the  oscilloscope.  The  arrangement  of  equipment  for  these 
tests  is  shown  in  Fiqure  2.  The  height  of  the  trigger  was  adjusted 
such  that  the  reflection  of  the  model  on  the  water  surface  was 
photographed,  as  well  as  the  model,  thus  defining  the  surface  to 
be  iagtacted.  This  technique  respited  in  two  photographs,  one 

1 J . L-  Baldwin,  "Vertical  Water  Entry  of  Cones,"  NOLTR  71-25  of 
11  reb  1971 

2.  A.  Weible,  'The  Penetration  Resistance  of  Bodies  with  vmivus  *«<“  -* 
Forms  at  Perpendicular  Impact  on  Water,*  German  Avia  Res.  Rpt  No. 
4541,  Naval  Research  Laboratory  Transl.  No,  286,  revised  (1952) 
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showing  the  model,  generally  above  the  water  surface,  at  three 
points  in  time;  and  the  other  showing  the  voltage  utput  of  the 

accelerometer,  and  the  time  of  each  exposure  on  a common  time 
base,  displayed  on  an  oscilloscope.  Figure  3 shows  two  saaples  of 
these  data.  Additional  data  samples  are  given  in  Appendix  A. 

The  models  used  in  this  test  series  were  simple  three- inch- 
diameter-  ogive  cylinders  in  which  the  accelerometer  was  mounted. 

One  of  the  gages  used  was  not  waterproof  and  required  a seal  nut 
that  increased  the  total  model  weight  by  about  100  grams.  Offsets 
of  each  nose  were  measured  to  an  accuracy  of  *. 001-inch  in  both 
station  and  radius  and  are  included  in  Appendix  B.  The  nose  shapes 
calculated  from  the  measurements  did  not  closely  agrae  with  the 
nominal  values.  The  greatest  difference  was  the  90/30#  ogive  which 
seemed  to  be  an  88.42/32.  These  errors  were  noted  but  no  corrections 
ware  made  during  the  data  reduction. 

Only  three  accelerometers  were  used  during  the  entire  test 
series  (the  same  gages  used  in  the  tests  reported  in  Reference  (1)) , 
a high-capacitance,  high-impedance,  multiple-crystal  gage;  and 
two  similar  quarts  gages  with  internal  electronics  responsible  for 
low-output  impedance.  The  capacitance  of  the  multiple-crystal  gage 
reduced  the  relative  error  caused  by  changes  in  capacitance  in  the 
cable  {trailing  wire)  due  to  acceleration  and  other  loads.  The 
multiple  crystal  accelerometer  was  used  with  a charge  amplifier  to 
increase  the  system  RC  time  constant  when  e maximum  acceleration  of 
less  than  30g  was  expected.  An  electronic  filter  was  also  often 
used. 


The  gages,  scopes,  filters,  and  charge  aaq>lifier  were  cali- 
brated as  a system.  Three  methods  of  calibration  were  used  for 
each  gage  and  electronics  combination  employed  in  the  teet  series. 
Several  combinations  were  recalibrated  during  the  test  series. 

The  three  calibration  method*  were:  (1)  shaker  table  with  optical 

measurement  of  displaceawnt ; (2)  shaker  table  with  comparison  with 
a standard  gage;  and  (3)  a one-g  drop. 

In  the  one-g  drop  test,  the  gage  and  model  were  held  by  a 
short  length  of  ni chrome  wire.  A high  current  electric  source 
was  applied  to  the  wire,  causing  rapid  melting  and  quick  release. 
This  step  pulse  of  one-g  was  used  to  determine  the  leakage  rate 
of  the  gage-electronic  system,  as  well  as  determining  the  gage 
constant. 

The  gage  constants  seed  for  each  system  were  the  simple 
average  of  the  gage  constants  determined  from  all  calibration 
techniques. 


RANGE  OF  VARIABLES  TESTED 

In  the  test  series,  the  affects  of  model  shape  and  antry 
velo^<t«  studied.  Four  shapes  were  tested;  two  convex 

* ogive  nomenclature  is  shown  in  Figure  5 
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ogives  and  two  cusps.  The  details  of  these  models  a re  shown  in 
Appendix  B.  The  velocity  range  studied  was  from  13  feet  per  second 
to  80  feet  per  second.  A total  of  thirty  tests  were  made. 


DATA  REDUCTION  AND  DISCUSSION 

The  "a  priori"  assumption  made  in  the  data  reduction  was  that 
the  external  forces  depend  only  upon  size,  geometry,  actual 
velocity,  and  distance  below  the  water  surface.  Additional ly , it 
was  assumed  that:  (1)  buoyancy  force  is  calculated  from  original 

water  surface;  (2)  friction  drag  coefficient  is  constant  for  all 
conditions. 

The  preliminary  data  reduction  was  done  manually  and  involved 
changing  the  photographic  records  to  digital  form.  The  photographic 
information  on  the  plate  camera  and  oscilloscope  records  was 
reduced  to  numbers  as  follows:  the  olatc  camera  photograph  was 

used  tc  determine  the  impact  velocity  and  to  locate  the  water 
surface  relative  to  the  oscilloscope  trace.  The  distance  the  s»del 
advanced  between  flashes  was  computed  using  the  diameter  of  the 
model  as  a reference  dimension.  The  time  between  flashes  was 
s^astlred  by  an  electric  counter.  The  distance  from  the  reference 
picture  was  measured  (if  possible)  to  a point  halfway  between  the 
picture  and  the  matching  reflection.  Again,  the  model  diameter 
was  used  as  the  reference  length. 

The  readings  of  the  oscilloscope  records  were  made  using  a 
film  reader  or  toolmaker's  microscope  in  the  following  order: 
the  distance  of  a vertical  centimeter  was  read  to  determine  the 
scale  factor;  next,  the  pip  relating  the  model's  position  with  the 
water  was  read;  and  then  a series  of  points  along  the  trace  were 
read.  Both  components  of  each  point  were  recorded. 

The  numbers  obtained  from  the  pictures,  along  with  recorded 
information  such  as  model  diameter,  ,eight,  and  scope  gain,  were 
entered  ir.to  a time-shared  digital  computer. 

The  acceleration  tiu*  data  were  converted  to  English  engineering 
units  for  computations.  The  coordinate  axes  were  shifted  9uch  thac 
r.ero  acceleration  occurred  just  before  impact  and  that  time  zero 
occurred  at  water  contact.  The  following  correction  for  leakage  was 

then  applied: 

gf  (True)  » ||  (read)  + f ||  (reau/dt 

The  acceleration  coordinate  axis  was  shifted  such  that  + one  g 
occurred  just  before  the  water  contact.  The  velocity  and  distance 
were  then  determined  for  each  data  point  using  trapezoidal  inte- 
gration. The  values  related  to  water-entry  effects  were  then 
computed. 
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The  equation  relating  the  momentum  just  before  first  contact  with 
the  meo*ntu»  at  some  later  time  is  giver,  as  Equation  >1),  and  the 


force  equation  is  given  at 

Equation  < 2)  . 

B dt  -Mgt  ♦ 

§ l ca«*uJ,lt 

(1) 

- (««!)  - u 

• B-Mg  ♦ 
dt 

® 1 c 1IJ 2 

j-  cda 

(2) 

Substituting  U2  for  the  second  tern  of  Equation  (2)  and  rearranging 
terns  gives:  “ 

- - B ♦ Hg  * U2  ♦ $ Cd,(S>AU2  (3) 


If  the  total  drag  coefficient  is  defined  as 

cd<s:  ■ pt  * c«*  141 

then  Equation  (3)  nay  be  rewritten  as 

- |2.  (Mtnil  - B ♦ Hq  » | 0 C<j(S) AC2  (5» 

In  Equation  (?)  there  are  two  unknowns,  ai(t)  and  Cds(tj . One  net hod 
of  solution  it  to  test  models  with  two  different  nasses  and  then 
solve  simultaneously  for  n(t)  and  Cda(t).  This  technique  was  suggested 
by  Dr.  Arnold  E.  Seigel  of  KAVSUWnfWCEW . 

An  attempt  was  sade  to  separate  ah  (t)  from  Cd-  (t)  for  cones 
during  vertical  entry  (Ref.  (3)).  The'results  indicated  that  Cda 
was  equal  to  zero  until  the  base  of  the  cone  passed  the  original 
water  surface.  Fcr  deeper  penetrstions  large  scatter  occurred  in  the 
values  of  Cds  making  definitive  results  impossible.  The  use  of  models 
with  single  mass  for  each  geometric  shape  during  theae  tests  of  ogives 
and  cusps  prevented  the  use  of  the  simultaneous  solution  method  of 
separation. 

Being  unable  to  separate  the  added  mass,  mi(t)  from  the 
steady~state  drag  coefficient  (Cds) * it  was  decided  to  ctmfcine 
them.  The  usefulness  of  this  approximation  and  resulting  errors 
were  obtained  from  Equations  (1)  through  (5)  as  follows: 


3. 


"An  Experimental  Investigation  of  Water  Entry”,  thesis  by 
John  L.  Baldwin  for  Ph.D.,  19  May  1972 
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The  add  ad  mbs  (*  ) is  the  added  mass  of  the  steady- state 
flow  field  of  tbe1water  sntry  body  and  the  water  impact 
force  o^l  is  due  to  the  establishment  of  this  flow  field. 
WT~ 

Renee,  the  value  of  added  mass  should- approach  a steady  valve 
when  the  surface  has  been  passed.  Changes  in  added  mass  due 
to  cavity  collapse  occurred  at  depths  much  greater  than 
studied  in  these  experiments. 

Buoyancy  and  weight  require  no  interruptive  consents. 
Both  are  usually  neglected  during  high-speed  entry  or  nay 

be  easily  estimated. 


i 


r 


# 


Losses  in  momentum  relative  to  the  body  were  expressed  in 
Equation  (1)  as  the  integral  of  steady -state  drag  coefficient 
(Ca.)  . Cavity  fomation  and  viscous  wakes  contributed  to  Cdg. 
Bence,  Cds  remained  small  until  cavity  or  wake  formation 
began  and  then  increased  to  the  value  obtained  in  steady  - 
state  water  tunnel  experiments.  The  importance  of  these 
losses  were  estimated  by  the: 

1.  Observation  from  Equation  (3)  that  the  steady-state 
drag  coefficient  could  be  represented  by  the 
derivative  of  lost  added  mass  {m2) . 

£ Cd  (S)  AO2  - £ 02  - — - U (6) 

2 * ds  dt 

2.  Substitution  of  Equation  (6)  into  Equation  (1)  and 
the  application  of  integration  by  parts  obtained 
Equation  (7) . 


0o  H-U  (M  ♦■!)«!  Bdt  - Mgt  ♦ 0m2  -(  w2(t)^i  dt  (7) 

l K 


3 .  Evaluation  of  the  last  term  assuming  that  m.  was 
sero  from  t to  b.  and  then  a monotonic  function 
from  tj  to  t and  that  0 was  also  a monotonic 
function 


£■ 


m,(t)  — dt  - m,  TO 
dt 


Equation  (!)  was  obtained  by  the  combination  of  the 
tarsi  of  Equation  (7) 

40  » 

*2  (0  - Aff)  - m2  0(1  - — ) 3*2  0(1  - 


last  two 
<J> 


)? 
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Where  ^ was  the  maximum  error  caused  by  the  approximation 


f Cd,  A U2  dt  « 0*2 

Note  that  6U  is  the  change  in  speed  from  tine  (t, ) to  tine  (t) . 
Then  Equations (1)  through  (S)  were  approximated  By  Equations  (9) 
through  (13)  where  ra  - (ej  ♦ *2) 


uoM  * 


dU 

■ St 


dU 

* St 


U (Mam)  « 1*  Bdt  - 
vo 

Mgt 

(*) 

(Mam)  - 0 £m  * B - 

St 

*g 

(10) 

(Mam)  - a ♦ Mg  * 

u2 

(11) 

Cd<S>  * 

(12) 

~ a?  <**»>  - B ♦ Mg  » i o Cg (S)  AO2  (13) 

When  buoyancy  and  weight  could  be  neglected,  the  Instantaneous 
velocity  was  estimated  by  Equation  (14)  obtained  (roe  Equation  (9) 


U 


(14) 


and  the  instantaneous  model  acceleration  was  estimated  by  Equation 
(IS)  obtained  from  Equations  (13)  and  (14) 

•a?*!'  cd<8)  * TH£p-  uo2  <15> 

where  the  values  of  C<](S)  and  n are  given  in  Appendix  D.  Por  weapon 
diameters  other  than  three  inches  the  values  of  added  mass  given 
must  be  multiplied  by 


^Weapon  Diameter  in  Inches^' 
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Th«  experimental  data  consisted  of  the  acceleration-time 
function  du  , initial  velocity  U.  and  the  time  of  water  contact  trt. 

3t  ° ° 

Trapezoidal  rule  integration  of  the  acceleration-time  function  dU 

Jt 

produced  the  velocity  function  (U)  . In  like  manner  the  distance 
function  (S)  was  obtained  by  integration  of  the  velocity  function. 

The  buoyancy  force  (B)  was  computed  as  the  weight  of  water  dis- 
placed by  the  nodel  below  the  original  water  surface;  i.e.,  no 
allowance  was  made  for  the  cavity.  The  total  drag  coefficient  wee 
then  computed  using  Equation  (13) ; with  the  added  mss  (a)  initially 
chosen  equal  to  zero.  Beat  the  added  mass  was  cosiputed  using 
Equation  (12) . The  total  drag  coefficient  was  then  recomputed 
using  the  last  computed  value  of  added  mass.  Then  a new  value  of 
added  use  was  computed  from  the  last  value  of  total  drag  coefficient. 
The  calculations  were  terminated  after  four  iterations. 

For  easy  comparison  of  the  results  for  each  shape,  it  wee 
desirable  to  compute  the  final  data  at  atationa  rather  than  at 
arbitrarily  read  data  points.  Sixteen  stations  were  equally  sp meed 
between  water  contact  and  the  depth  at  which  the  total  drag 
coefficient  had  its  maximum  value.  At  deeper  depths,  the  distance 
between  stations  were  one,  two  or  five  tines  larger  than  the  standard 
distance. 

The  values  of  velocity,  time  and  acceleration  were  computed 
at  each  station  by  interpolation  and  the  final  data  reduction 
continued  as  before  using  Equations  (13)  and  (12)  for  four  iter- 
ations. The  computer  program  used  to  reduce  the  data  waa  written 
in  BASIC  and  is  included  in  Appendix  C. 

The  errors  induced  in  the  results  by  combining  m.  and  a.  were 
estimated  by  comparing  the  results  o.  two  assumed  functions: 

(1)  * 0 for  all  tiae 

(2)  dm2  • o from  water  contact  until  the  total 

ST 

drag  coefficient  became  maximum  and  then  a step  to  £ ■ maximum 

da 

final  value  as  shown  by  the  dotted  lines  on  Figure  4. 

In  these  experiments  the  worst  case  was  the  maximum  pene- 
tration of  the  90/-30  cusp.  At  a penetration  of  four  inches,  the 
difference  in  the  value  of  total  mass  (K  ♦ ■)  was  less  than  4,2 
percent.  The  use  of  total  added  mass  (m)  causad  an  error  in. the 
calculated  values  of  total  drag  coefficient  of  seven  percent  for  this 
case.  At  deeper  depths  the  error  would  continue  to  increase. 
Therefore,  if  Equations  (1)  through  (5)  are  to  be  used  after  water 
impact  a division  of  total  added  mesa  should  be  made.  This  division 
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must  be  arbitrary  at  this  time  because  of  the  lack  of  data  or 
quantitative  theory.  It  is  suggested  that  a suitable  division  can 
be  made  by  a quarter  ellipse  beginning  at  the  start  of  cavity 
formation  and  continuing  for  one  body  diameter . For  bodies  of 
moderate  or  large  relative  aass,  the  errors  caused  by  a wrong 
division  are  small  and  noncrnulative.  The  9Q/-30  cusp  model  had 
a relative  mass  of  .128  5fcm/ inches^  which  was  about  1/2  to  1/10  the 
relative  mass  of  common  water- entry  devices.  Also , this  worst 
case  had  a high  final  value  of  which  accentuated  percent  dif- 
ferences caused  by  different  divisions.  Therefore,  for  most  cases 
the  suggested  division  should  be  accurate  to  within  five  percent  as 
would  most  other  divisions  beginning  during  early  cavity  formation. 


GEOMETRY 

There  seems  to  be  no  standard  method  used  in  the  literature 
to  define  ogive  shapes.  An  ogive  shape  is  a pointed  body  formed 
by  rotating  a circular  arc.  If  the  water-impact  forces  do  indeed 
depend  chiefly  upon  the  geometry  of  the  body,  the  shape  will  have 
to  be  defined  more  precisely.  The  method  chosen  for  use  in  this 
report  uses  two  angles  and  one  reference  length.  One  angle  is 
the  tip  angle  (a)  of  a cone  of  the  same  length  and  base  as  the 
ogive  and  the  other  angle  (0)  is  the  angle  subtended  by  the  arc. 
The  diameter  is  used  as  the  reference  length.  The  tip  angle, 

base  angle,  slopes,  and  radii  are  all  easily  ccmputad  for  both 
normal  ogives  and  inverse  ogives  (cusps),  as  shown  in  Figure  S. 
Mote  that  in  Figure  5 the  inclusion  of  a minus  sign  with  the  swept 
angle  0 changes  the  ogive  to  the  cusp.  An  inspection  of  the  com- 
puter program  shows  e continuing  similarity  in  the  geometric 
equations.  The  only  difference,  if  any,  is  a minus  sign  for  the 
cusp  shape.  The  swept  radius  r is  one  parameter  that  has  the  same 
equation  for  both  shapes. 

r * R/(2  sin  (<*/2)  sin  (8/2)) 

In  the  comparison  of  the  results  for  different  ogives,  it  is 
often  possible  to  relate  the  forces  to  the  base  area  of  a tangent 
ogive.  A method  for  computing  the  ratio  between  the  base  area  of 
a secant  ogive  and  corresponding  tangent  ogive  is  shown  in  Figure 
6.  As  a basis  for  this  comparison,  the  nomenclature  must  be  such 
that  the  actual  tip  angle  remains  constant. 

In  this  report,  it  is  assumed  that  the  tavjant  ogive  ie  a 
limit  of  this  geometric  family  of  shapes.  This  implies  that  the 
swept  angle  may  not  be  larger  than  the  cone  angle.  It  is  also 
defined  that  the  limit  case  for  cusps  is  when  the  swept  angle  ie 
equal  to  the  cone  angle.  For  cone  angles  of  90  degrees  or  more, 
this  definition  merely  states  that  the  base  angle  cannot  be 
negative. 
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RESULTS  AND  CONCLUSIONS 

It  is  possible  to  compare  the  results  of  various  tests  of 
convex -ogive  shapes  by  relating  the  drag  coefficient  to  the  base 
area  of  a tangent  ogive  of  equal  tip  angle.  This  technique  re- 
quires the  assumption  that  separation  occurs  ahead  of  the  base  of 
the  ogive  tested  or  at  least  at  a depth  greater  than  that  at  which 
Cdguut  occurs.  Several  separate  tests  were  conducted  on  the  convex 
ogives  to  determine  the  relationship  between  separation  and 
acceleration.  The  entry  of  the  60/42.6  ogive  is  shown  in  Figure  7 
which  consists  of  strips  from  several  high-speed  movies  and  a 
representative  acceleration  trace.  These  photographs  show  that 
separation  on  the  60/42.6  ogive  occurs  at  85  percent  of  the  nose 
length.  Tests  on  the  §0/30  ogive  showed  separation  at  the  nose 
base  at  about  120  percent  of  the  depth  associated  with  Cdaax* 

The  results  of  Cd^^x  for  both  shapes  were  reduced  to  the  tangent 
ogive  case  and  are  given  in  Figure  8.  Also  shown  are  the  values 
given  in  Reference  (2)  and  some  unpublished  data  from  tests  at  the 
Naval  Surface  Weapons  Center.  Friction  is  included  in  the  plotted 
data. 


The  relationship  between  total  drag  coefficient  and  velocity 
was  investigated  by  normalizing  the  values  of  cdroax  and  performing 
• least  square  fit  to  obtain: 

For  the  ogives  C<3max  * 1.013  - .00031  UD 

For  the  cusps  Cd_aTf  * 1.014  - .00041  Uc 


Therefore*  the  total  drag  coefficient  may  be  considered 
independent  of  velocity  over  the  range  of  shapes  and  velocities 
considered.  In  addition,  the  entire  drag  coefficient-depth 
history  scams  to  be  independent  of  velocity  (Appendix  D) . This 
conclusion  is  in  agreement  with  the  results  for  cones  reported 
in  Reference  (1) . 

The  added  mass  curves  obtained  for  these  ogives  agree  in  fora 
with  the  results  obtained  for  cones  (Appendix  D and  Reference  (D). 
Fointwise,  values  are  also  in  substantial  agreement,  but  not  for 
equal  cone  armies  (lengths).  For  example,  the  added  mass  associated 
with  a §0/-30  cusp  is  in  better  agreeawnt  with  the  added  aass 
associated  with  a 120-degree  cone  than  with  a 90-degree  cone. 

The  tests  demonstrated  a strong  dependence  of  the  maximum 
drag  coefficient  upon  the  nose  shape.  The  drag  coefficient  vs 
depth  histories  of  a cusp,  cone,  and  ogive  of  equal  lengths  are 
shown  in  Figure  9.  It  is  seen  that  the  cusp  has  twice  the  maximum 
drag  coefficient  of  the  cone,  and  that  the  ogive  is  slightly  over 
hilf  that  of  the  cone. 
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Also  of  interest  is  that  the  relatively  slight  curvature  of 
the  90/10  ogive  has  changed  the  basic  forcing  function  fr'r*  concave 
upward,  which  a cone  always  has,  to  convex.  The  data  regarding 
the  hemisphere  was  taken  from  Reference  < 2)  for  comparison.  These 
values  are  typical  and  not  those  of  limit,  or  opt imum  configura- 
tions. It  should  also  be  noted  that,  in  general,  the  steady-state 
drag  coefficient  is  in  the  iaiM  relative  order  as  the  maxima  drag 
coefficient,  although  this  result  is  not  true  for  the  hemisphere. 

The  variation  of  maximal  total  drag  coefficient  Cdmi1Tr  with 
changes  in  swept  angle  is  shown  in  Figure  10.  Curves  are  given 
that  define  the  possible  values  for  shapes  with  a 90-degree 

cone  angle  (1-caliber  length)  and  a 60-degree  cone  angle  (1.73- 
caliber  length'  In  addition,  the  probable  curve  for  a 30-degree 
cone  angle  is  us  tr  a ted.  Also  included  are  the  geometric  limit 

curves  for  this  family,  and  the  curve  of  minimal  drag  coefficients. 

It  is  interesting  to  note  that  the  ogive  limit  curve  is  a 
direct  copy  of  Figure  9.  This  is  due  to  equivalence  of  cone  angle 
and  swept  angle  in  the  case  of  tangent  ogives.  The  scarcity  of 
experimental  data  prevents  the  exact  determination  of  these  curves, 
particularly  the  cusp  limit  curve;  however,  the  basic  curve  shapes 
seem  to  be  established.  Zn  order  to  estimate  a curve  such  as  the 
30-degree  cone  angle,  the  value  of  Cd_ is  obtained  for  the  cone 
shape  from  Reference  (1)  and  plotted  at  xero  swept  angles  equal  to 
plus  or  minus  the  cone  angle.  Then  a curve  is  faired  between  these 
three  points  such  that  it  is  a family  member  of  the  previously 
plotted  experimental  curves. 

If  sufficient  data  were  available,  it  would  be  possible  to 
divide  the  area  between  the  cusp  limit  curve  and  ogive  liarit 
curve  into  two  regions  by  a separation  line.  Shapes  located 
between  this  separation  line  and  the  cusp  limit  cu.  would  be 
fully  wetted  during  entry.  For  all  other  ogives,  separation 
would  occur  on  the  forebody;  therefore,  their  drag  coefficients 
could  be  determined  from  drag  coefficient  values  of  tangent  ogives 
by  simple  geometric  means.  It  is  believed  that  this  region  would 
include  most  shapes  of  practical  interest.  One  speculation  is  that 
the  line  of  min imams  is  common  with  the  separation  line. 
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APPEXDIX  A 


The  original  data  fro*  several  testa  form  *hle  appendix. 
These  particular  tests  were  selected  to  provide  information  at 
separate  velocities  for  each  of  the  four  shapes  tested.  The  shot 
numbers,  weight,  gage  constants,  and  other  necessary  numeric 
values  are  given  In  Table  A-l.  The  remainder  of  this  appendix 
contains  optical  copies  of  the  original  data  photographs. 

Table  A-l 

Numerical  Constanta 


Shot 

Ko. 

Shape 

Weight 

(ibaj 

Gage 

Constant 

{ft/secVv} 

Time 

Constant 

(•«c) 

Scope 

Gain 

(V/cm) 

Scope 

Sweep 

(sec/csj 

2053* 

60/43 

4.34 

16.7 

.2 

2.0 

.005 

20^1 

60/43 

4.34 

2609 

.009 

o.l 

.001 

2073* 

60/43 

4.34 

2609 

.009 

o.l 

.0-01 

20S1 

90/30 

3.64 

3138 

.75 

.01 

.005 

2063 

90/30 

3. *5 

2609 

.009 

0.2 

.00. 

2065 

60/-43 

3-81 

2609 

.009 

0.2 

.001 

2066 

6C/-43 

1609 

.009 

0.5 

.001 

2.503 

60/-43 

3-57 

2809 

.08 

.02 

.005 

2044 

90/- 30 

3.46 

3138 

.75 

.05 

.005 

2064 

90/- 30 

3-70 

2.609 

.009 

*.5 

.001 

•S.Aoen  In  figure  3. 


20 


MG.  A 


I OttGtNAl  C 


1 


NSWC  M»OL/Tt  75-7C 


2 >503 

i 


ftG  .A  I OtK>Mk  *L  DATA  - »ISTS  MM.  J1503 

/ 


-3 


AM 


*IG  A-4  CHMCiNAl  QATA  • TfSTS  7044.  TQM 

A-5 


NSWC/WOL/TP  75-20 


AfPODIX  B 


This  section  consists  of  sketches  depicting  the  various 
■ode Is  tested  during  this  uerles.  The  no«lnal  values  of  the 
dlswnslons  were  used  in  the  reduction  of  the  data.  Measured 
disasters  at  various  stations  are  tabulated  on  each  sketch  and 
an  estiaiate  of  the  actual  shape  is  also  given. 

As  the  test  series  progressed,  a slight  rounding  of  the  tips 
occurred  due  to  repeated  hitting  of  the  nylon-inpact  aats  used  to 
stop  the  Bodels.  No  correction  was  attempted  for  such  rounding. 

Early  in  the  test  series,  the  tip  of  the  6o/-*i  cusp  broke 
off.  During  the  reduction  of  data  in  subsequent  tests,  it  was 
assuswd  that  water  contact  occurred  as  if  the  tip  was  Intact. 
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APPHTDIX  C 


Thli  prognB,  vrltUn  in  the  LA21C  computer  l«a|Bf , was 
used  to  reducs  the  data  proton  tod  in  this  roport.  Tho  operations 
•'  * oo  follows:  (1)  tho  original  dots  is  converted  into  tin*  after 

ntry  ond  accol oration  for  oach  data  point;  (2)  tho  velocity  and 
distance  traveled  after  entry  is  then  computed  at  the  data  points 
using  trapezoidal  integration;  (3)  froe  this  basic  data,  the 
added  aass  Is  determined  at  each  data  point  by  an  iterative 
procedure,  as  is  the  distance  associated  with  the  maximum  total 
drag  coefficient;  (*)  the  values  of  velocity  acceleration  end  time 
are  then  obtained  by  Interpolation  at  fixed  distances  relative  to 
the  point  of  nazinum  total  drag  coefficient;  and  *5)  the  values 
of  total  drag  coefficient  and  added  aass  are  then  computed  at 
these  fixed  distances  and  the  results  printed. 


the  subroutines  of  this  prograa,  in  order  of  operation,  are , 

SUB  300  heads  the  data  and  computes  the  tine  accelera- 

tion valoclty  and  distance  for  each  data  point. 

SUB  1*00  Coaputee  the  buoyancy  at  each  point,  assuming 

no  separation. 

SUB  900  Define e the  initial  total  aass  as  the  aass  of 

the  model  and  goes  to  SUB  1000. 

SUB  100G  Coaputee  et  each  point  the  total  dreg  coefficient, 

the  steady-state  drag  coefficient  (D9) , end 
the  data  point  number  associated  with  the 
matlaua  total  dreg  coefficient  (E). 

SUB  830  Coaputee  the  added  aaee  end  total  aass  at  each 

point. 


SUB  2000  Converts  by  interpolation  time,  velocity,  and 

acceleration  from  the  read  point*  to  points 
fixed  relative  to  the  distance  associated  with 
the  maximum  total  drag  coefficient. 

SUB  8000  First  print. 


SUB  9000  Second  print. 


The  Inputs  required  for  this  prograa  beginning  at  line  1700  are: 
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Cl  * Scops  swept  ( sec/ca) 

C2  - Scops  aaplltude  (volts/ca) 

C3  - Os$e  constant  (ft/sec  Vvolt) 

CM  m Tlis  constant  (seconds) 

Vl  * Entry  velocity  (ft/sec 
D2  m water  distance  (inches 
K 2 « Piaster  of  data  point  pairs 
C5  * Shot  nuaber 
D1  « Disaster  (ft) 

Mi  « Weight  (10*j 

PI  « Cone  angle  (degrees) 

P2  • Entry  angle  (degrees) 

El  • Eadlus  of  curvature  (ft) 

B1  = Swept  angle  (degrees) 

U2  « Shape  Code:  +1  * ogive;  -1  » cusp 

06  » Conversion  factor  (counts  per  cm) 

The  data  read  froa  the  oscilloscope  trace  are  entered  as  follows 
(1)  the  tine  coordinate  of  each  data  point  is  entered  beginning 
with  line  1730;  and  (2)  the  aaplltude  coordinate  of  each  data 
point  is  entered  beginning  with  line  1740. 

A aeaple  run  la  given  on  pages  C-3  and  C-A.  the  prograa 
Hat  is  given  on  pages  C-3  through  C-8. 
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I 400 
E-  00 
C>  00 
E-  00 
C>  00 
.*000 

SCO  .07*043 
0000 
1400 
E*  I* 

E*  I* 

E-  14 
E»  1* 


SHOT  MUHtC* 

01413 

01  ST 

VEL 

.000010 

24.4 

04.40*4 

.107901 

04.41  15 

.I9107S 

04.4141 

.23513 

04.4104 

.31*704 

04.4048 

.303730 

04.5973 

.4474*3 

04.5034 

.511*47 

04.547 

.575400 

04.545* 

•43*554 

04.5020 

. 7035 1 

24.4*7 

.747445 

24.44*8 

.83141* 

04.4414 

.0*5374 

24*4103 

.959308 

04.303 

1.00308 

04.3537 

1 .08704 

04.304* 

1.151 1* 

24.097 

1.01515 

24.070* 

1.07*1 

04.0445 

1 .40701 

04.0033 

1.534*0 

24.  1*45 

1.4*003 

04.12*1 

1 .79074 

04.0940 

1.918*4 

24.0*00 

0.04*55 

04.0307 

0. 17444 

04.0003 

0.4*403 

23. *07 

0.81401 

23.8545 

3.13378 

03.7385 

3*45355 

03.7011 

3.77330 

03.454* 

4.0*30* 

03*5* 

4.41087 

03.5050 

4.73044 

03.4*00 

5.050  41 

03.3*87 

5.37018 

23*3353 

VELOCITY  04. 

* 

TIME 

ACCEL 

3.  45  709E-8 

30.78  1 7 

2.  14  704E-4 

07.00*3 

4.33235E-4 

14.0837 

4.49743E-4 

4.048*3 

8.44290E-4 

-18.0415 

1 . 00005 E- 3 

-34.0004 

1.2994VE-3 

•52.0414 

1.3I427EO 

•49.2707 

I.73309E-3 

•88.118* 

I.95013E-3 

• 103**94 

0. 14740E-3 

•112. *11 

0.3048  IE -3 

•121*155 

0.4O049E-3 

•100.409 

2.82041 E*3 

•130.534 

3.0305VE-3 

•134.037 

.003057 

-134.51 

3.47573E-3 

- 133.753 

3.49475E-3 

•130.15* 

3.91394E-3 

• |04.  1 4 

4.13340C-3 

-115.070 

4.35310E-3 

•105.354 

4.79313E-3 

-*0.3357 

5.233* 1C- 3 

•83.48*0 

5.475  59E-3 

•78.840 

6.  1 1754E-3 

-74.440* 

4.54048E-3 

-72.3847 

7.00349E-3 

-**•*303 

7.  44740E-  3 

•48.0374 

S.54003E-3 

•44. 1973 

*.47450E>3 

-41 .3404 

1 .O7947E-0 

•40.5501 

1.19IS4E-0 

-59.4*15 

1.3040400 

•58*0*74 

1 .4I493E-0 

-57.2053 

1 .5 JOCOE-8 

-54*4045 

1 .*43501-0 

•55.4727 

1 .75  720E-0 

-55.3*82 

1 .87I09E-0 

-55.7003 
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01  ST 
• 0000 1 2 

0.39004C-2 
. 127*21 
• 191873 

• 29  503 
•319704 

• 383730 

• 447093 

• 51 1047 
•575002 
•039550 

• 70351 
•707405 

• 831419 
•895374 
•959320 
1.02328 
1*00724 
1*15119 
1*21515 
1*2791 
1*40701 
1.53492 
1.00283 
1.79074 
1.91004 
2.04055 
2.17440 
2.49423 
2.01401 
3*133  78 
3*45335 
3.77332 
4.09309 
4.41287 
4.73204 
5.05241 
5.37210 

••READY. 


0446  C 
-2.23  49  4E-3 
I.7I571E-2 
0.OO953E-2 

• 1 1035 
•200292 
.200755 
.3312 
.399031 
.474002 
.538813 
.574470 
.010139 
.041 103 
•039000 
•007740 
.071708 
.070780 
.050130 
.03533 
.000531 
.50097 
•500904 
.475053 
.45492 
.438  7 45 
.420932 

• 419019 
•411335 
.395508 

• 303047 

• 3004 
.375094 

• 3090 
•30570 
•30201 

• 358  302 
•350003 

• 358  1 39 


AOO  » 

-7.V4375E-7 
?.  755  40C-2 

• 1 7009 

• 400497 
1 • 00204 
1.9103 
3.0131 
4.3072 

5 .90  738 

7.84343 

9.92017 

12*1231 

14.4415 

10.8515 

19.3100 

21.7927 

24.2002 

20.7425 

29 . 1 39  1 

31*429 

33.5011 

37.5  459 

41.1923 

44.0305 

47.9501 

51.1054 

34.3070 

37.3047 

04.8599 

72.0787 

79.1509 

80*1033 

93.0097 

99.8022 

100.024 

I 13.290 

I 19.924 

120.540 
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10  01 H A<  H)>  *£><  40*«C<  40>*D<  40>*Ct  40>*F<  401 

12  OIN  H(40).N(  40>*R<40>*S(40>*TCft0>*U<40)*V<40>*X<  40>«T<40> 

*0  J4«- 1 

100  60  SwO  500 

103  66  SUE  1400 

10ft  60  SUB  900 

10?  OB  SUB  630 

i 06  60  SUB  IOOO 

109  60  SUt  630 

112  60  SUB  1000 

IIS  60  SUB  630 

lift  60  SUB  IOOO 

I IT  00  SL'S  630 

lie  60  SUB  IOOO 

119  If  U4»0  THEM  130 

ieo  00  sub  eooo 

tsi  06* 1 

1 22  02«E2 

123  LET  U4*2 

125  60  T0  103 

>30  00  SUB  6000 

135  00  SUB  9000 

500  READ  CI.C2.C3.C* 

505  READ  VI*  D2* 02* CS 

506  READ  DI*UI«PI*P2 

509  RE AO  RI*BI*U2»C4 

51 1 LET  A< 11*0 

512  LET  T«IT«0 

515  LET  1*2  P2-X5T.3 

SIT  LET  U9*U|4SIWCP2> 

520  FOR  K* I T*  02 

530  READ  X<0> 

531  NEXT  0 

532  FOR  0*1  T0  <2 

535  READ  r<0> 

536  REST  0 

539  FOR  K*2  T0  K2 

540  LET  T(K!-{*«N|.*t|.‘,!»Cl/C* 

5A0  LET  A(0)«CVt0)-f< |))»?24C3/C* 

5 TO  LET  C(K)*CU.M)*(MXM>MK.|))*<T(IO-T{0>l))/(t«C4) 

500  NEXT  0 

590  LET  C9*<-V|*S0ft<CVI>'2*5.3ft4*D2f >/32«2 

*00  06*1 

ft  10  rtN  '!*)  T0  02 

ft20  LET  AC  01 ••A<0)«C<0>* 32. 2*SIN<  P21 

630  T<M'*TC01-C# 

640  IF  T<K>»0  THEN  ftftO 

650  06*08*1 

„ftO  NEXT  0 
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*70  LX  7 T<KB-l>«0 

*71  LIT  S(Ki-»»*0 

*78  LET  VCK*-I>«WI 

*00  FOR  K«K8  T0  M2 

*70  V(N)BV(N*l>«.S«<A(K)«A(K*l))«(T(IO*T(K*lt) 

TOO  SCK1*SCM-  l>4.5*CV<K)«V<K-  !)>•<  TCKl-TCK-Ol 

7)0  NEXT  M 

780  RETURN 

•30  LET  X(Ka>l)«0 

•38  LET  YCK8-11>0 

■39  FOR  K>K8  Tt  K8 

• 40  AC Ml* • 7*1 *01 *2*UC  Ml 

• 90  rdO«TCK*  l>«.5*CXOO*XCN-l>>4CSCN)-SCK-l)> 

• 90  LET  MCK>«YCM>*Ml/3<!.2 

•*0  NEXT  K 

•49  PRINT  “E»“E 

•70  RETURN 

700  FOR  K»l  TO  M8 

7)0  LET  M<N>*W|/38.2 

780  NEXT  K 

1000  FOR  K«K8  TO  MS 

1010  LET  UC X) ■( CMC M)4C - I )*A< Ml 7 ♦N7-0C N>  > 

1011  LET  UCM)«UCM)/C  *7*74 • 709470  CM!  *S*C 01  > *8) 

1080  MCXT  K 

1089  LET  U(KS- 1)>0 
1030  FOR  K«K8  TO  M8-1 
1040  tr  IKM)«.t  THEN  1000 

1090  tr  U<N>~UCH«)>«0  THEN  1000 
10*0  LET  E*M 

1070  go  to  mo 

1000  NEXT  K 

1110  RETURN 

1400  PRINT  1400 

1410  T3»C PI ♦<U8*0l 1 )/(2*37*3> 

1480  YI«R1*S1MT3) 

1430  U3*-l 

I44C  FOR  K«KS  TO  K8 

1490  IF  U3*0  THEN  1400 

14*0  RCM>>U2*S9RCRI»8-iYI-U2«SCM>>«8>-U8*CRI*C0SCT3>> 

1470  IF  R<K>«*9*DI  THEN  1900 
1400  R00*.5*01 

1470  U3*« 

1500  NEXT  K 
15  10  LET  OT NS'- 1>*0 
1919  LET  ROW-  1 >»0 
1980  FOR  M*KS  TO  K8 

1530  ■( Ml ••< M- 1 1 «3. 1 41 *4*8. 4*.5 •< R( Ml • t*R<  M- 1 1 *•>•< SC  Ml -SC M- II) 

1537  LET  0<K)«8CM)4SINCP8> 

1540  NEXT  M 
1590  RETURN 
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1700  DATA  .005,.  05,  29 09, -075 
1710  OATA  24.*,  .975,  39,21  41  3 

1 720  OATA  .25,3.441,70,70 

1721  OATA  .3290,30 
1725  DATA  1,30* 

1730  OATA  594,  7*1 , 79*, 0 12,023,031 ,034, 042, 049, 0*2,0  72,00 1 

1731  OATA  090*900,920,9  3 7,95  1, 9*5, 970, 995, 1010, 3020, 1043 

1732  OATA  I0S3, 1070,1092, 1120,11*4,1230, 129*, 1300, 1500 

1733  OATA  1503,1*90,1040,1900,2204,2330,2590 

1740  OATA  2 7*, 27*, 275,200, 3 1 1, 322, 33?, 340, 300,420^449, 479 

1741  OATA  521,540, 574, 599,* 1 7, *27, 430**30,427,414, 994,573 

1742  OATA  549,529,509,491,475,443,451,444,437,430,422 

1743  OATA  419,413,400,402 
2000  MIIMT  2000 

2005  201  AT  **SCE>"SCE> 

2010  LIT  13-1 
2020  FOR  J*NO  TO  02 
2030  If  C3* I THEN  2120 
2040  12  E3*2  THEN  2100 

2050  IF  E3-3  THEN  2000 
2000  LET  YCJ>*V<J> 

2090  00  TO  2130 

2100  LET  Y(J>«T(J> 

2110  00  TO  2130 

2120  LET  Y< J>*A< J> 

2130  NEAT  J 

2150  FOR  J*KS  TO  K2-2 

2140  LET  S2-C  J«2>>S<J) 

2170  LET 

2100  LET  A|«YCJ«|)-Y<J) 

2190  LET  A2*Y(.J«2)«Y< J» 

2200  LET  AC J>«C<S2«S2«AI>-<Sl4S!4A2>>/CCSl*St*S2>-CS24SI9S1>> 
2210  C< J>«CS2*A|-S1*A2»/<SI*2*S2-S2*2*SI> 

2220  NEXT  J 

2230  LET  E9«S(E>/15 

2240  LET  DC  1 ) >.000001 

2250  FOR  1*2  TO  21 

2240  LET  0<I>*CXt-l)*C9 

2270  NEXT  I 

2200  FOX  1*22  TO  20 

2290  LET  CK  I ) *D<  I * I >*2*E9 

2300  NEXT  I 

2310  F OX  1*29  TO  39 

2320  LET  D<  1 ) *D<  I - I > *5*E9 

2330  NEXT! 
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2340  roll  J-KO  TO  N2-2 
2350  ir  J>K8*.S  THEM  2300 
23*0  POR  1*1  TO  32 
2370  tr  J*K2-2  THEN  2400 
2300  IT  £Hl}»5CJ*l>  THEN  25*0 
2320  tf  Jm  ft  THEN  2*30 

2400  LET  ECI>*<YC  J»*A<  J)*<0<1>-SC  J>  > *C<  J»*C  £K  1 > -S<  J>>»2) 

2410  if  0<n»S(K2»T>CM  2530 

2420  IT  £3*3  THEM  2420 

2430  tr  E3*2  THEM  2470 

2440  tr  £3*1  THEN  2450 

2450  LET  XCI>*E<1> 

24*0  00  TO  2510 

2470  LET  TC1)*E<1> 

2400  GOTO  2510 
2420  LET  VC  I >•£<  1 ) 

2500  00  TO  2510 

2510  NEXT  1 
2520  NEXT  J 
2530  LET  £3»E3+1 
2540  IF  £3*4  THEN  2570 
*550  LET  £2*1-1 
25*0  GO  TO  2020 
2570  mi  NT  -2000- 
2500  rOM  J*l  TO  E2 
*5*0  S<J>*DCJ) 

2*00  LET  ACJ)*X<  J) 

2*10  NEXT  J 

2420  •ftimt 

2*30  EU>*Y<  J>*<  DC  i)-»C  J>> *CTC  j*  i >-¥t  > /«5C  >-«<•_»>> 

2*40  GO  TO  2410 
0000  PRINT 

0004  PRINT  -SHOT  NCJNOER  “C5*  " VELOCITY  “VI 
000*  y RtMT 

0000  PRINT  -01ST-#-VIL-*-TINE",-*CClL- 

0010  TOR  K*KO  TO  K2 

0015  LET  DCK>*S<K»«I2 

0020  PRINT  04K»«VCX)*TOO*ACK? 

0030  NEXT  K 
0200  RETURN 
2000  PRINT 

2005  PRINT  -0I5T-.-0RA0  C-.-ADO  N- 

*010  PGR  K*KO  TO  K2 

*015  XOO*4544C  38»24MOO*M1) 

*020  print  iyr ;»U(K>*XCK1 
*030  NEXT  K 
22*2  END 
♦•READY . 
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APPEMDIX  D 


la  this  appendix,  there  are  tab  «>,ed  numerical  results 
obtained  for  each  test  in  this  series.  Also  Included  are  plots 
of  average  values  of  total  drag  coefficient  vs  depth  and  added 
asss  vs  depth  for  each  shape  tested. 


In  those  cases  where  the  tabulated  number  is  not  dimensionless , 
nhe  property  list  Is  for  a 3-inch-dlaasecer  body. 

In  Table  D-l  the  column  headings  have  the  following  meaning* : 
Weight,  the  model  weight  with  no  allowance  for  the  trailing  cable; 
Velocity,  the  model  velocity  at  the  instant  of  water  contact; 

Depth,  the  distance  traveled  from 

total  drag  coefficient  is  racked;  Cd.  the  ynl"***1  total  drag 
coefficient  (ruction  is  included);  Added 

value  of  added  mass  that  occurred  when  the  total  c°*£*lclent 

was  maximum;  Steady  State  Drag,  the  value  of  the  total  drag 
coefficient  averaged  over  the  three  deepest  points. 

In  Tables  D-2  through  D-5,  the  Instantaneous  values  of 
Total  Drag  Coefficient  \nd  Added  Maas  in  grams  are  given  for 
selected  computing  stations.  The  depth  given 

of  the  computing  station  and  applies  to  both  parts  of  the  table. 
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Tabic  D— 1 
Stanary  of  Data 


SO/43  Ogive 


Depth 

Added 

Shot 

Weight 

Velocity 

at 

Cd 

Mass  at 

Mo. 

lb 

( ft/sec) 

Cd  Wax 

Max 

Cd  Max 

2055 

4.34 

12.6 

1.15 

.308 

12.4 

2053 

4.34 

13.6 

1.12 

.304 

11.6 

2140S 

4.09 

20.6 

1.09 

.307 

11.2 

21409 

4.09 

24.2 

1.08 

.292 

10.8 

2073 

4.34 

69.8 

1.02 

.298 

12.4 

2072 

4.34 

70.0 

1.10 

.292 

11.5 

2071 

4.34 

71.6 

1.09 

.314 

13.1 

Average 

1.09 

.302 

11.9 

90/30  Ooive 

2052 

3.64 

13.5 

.946 

.732 

25.7 

2051 

3.(4 

13.6 

.930 

.663 

20.8 

21412 

3.64 

24.2 

1.052 

.665 

23.3 

21413 

3.64 

24.6 

.959 

.672 

21.8 

20C9 

3.89 

71.0 

1.035 

.707 

27.4 

2070 

3.89 

75.3 

.955 

.656 

24.1 

20(8 

3.89 

76.1 

1.010 

.648 

26.7 

Average 

.991 

.678 

24.3 

60/-43 

Cusp 

2047 

3.57 

12.3 

2.19 

1.45 

29.7 

2044 

3.57 

12.9 

2.21 

1.60 

37.6 

2048 

3.57 

13.3 

2.22 

1.48 

33.0 

21407 

3.57 

19.0 

- 

1.56 

29.6 

21503 

3.57 

23.9 

2.24 

1.49 

28.6 

2067 

3.81 

67.8 

2.12 

1.43 

28.9 

2066 

3.81 

67.0 

2.21 

1.46 

29.9 

2065 

3.81 

79.9 

2.27 

1.47 

29.6 

Average 

2.21 

1.49 

30.9 

90/- 30 

Cuap 

2044 

3.46 

13.2 

1.29 

2.45 

36.7 

2043 

3.46 

13.6 

1.32 

2.41 

38.1 

2042 

3.46 

13.6 

1.33 

2.33 

35.2 

2045 

3.46 

13.7 

1.33 

2.29 

36.2 
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Shot 

Wo. 

21410 

21411 
20(4 
20(3 


Average 


Might 

(lto§] 


T*bl«  D-l  (Continued) 
Suaury  of  Data 
90/-30  Cua? 


Velocity 

<ft/eec) 

Depth 

at 

CdJU*— 

Cd 

Ha* 

Added 
Hesa  at 
Cm  Max 

23.14 

24.27 

(9.7 

72.2 

1.24 

1.24 

1.31 

1.2« 

2.45 
2 . 3( 
2.40 
2.35 

3(.  1 

34.2 
34.9 

33.2 

1.29 

2.31 

35.4 
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Total  Drag  Coefficient 
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Total  Drag  Coofficlant 
Station 
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